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 section of this thesis has been prepared in the style utilized by the 2011 IEEE 
Green Technology Conference and the 4
th
 section has been prepared in the style utilized by the 
International Journal of Project Management.  The conference paper contained an error in 
referencing the insolation data as taken in June when the data was actually recorded in July.  The 
error has been corrected in this thesis even though the conference paper, with the error, was 
already published and presented at conference in Baton Rouge, Louisiana on April of 2011.  The 








The renewable power industry is rapidly growing today and is in need of much data to 
augment the advancement of the field.  Photovoltaic technology, while making substantial 
improvement over the last 60 years, still has some significant hurdles to overcome.  When 
shading, dust, or damaged cells reduce the power output of one panel, the traditional series-
parallel configurations make it so every panel in series with that lower current panel, will also 
have its current lowered; this lowers the overall power output of the array significantly.  
 Advancements in configurations and converters could change this phenomenon and 
dramatically increase a solar array’s ability to produce power.  The arrangement discussed in this 
thesis incorporates the author project managing a team of electrical engineers endeavoring to help 
resolve this dilemma by designing and deploying a sensor array, collecting data, and sharing this 
data with fellow graduate researchers whose other works explore ways to alleviate these hurtles.  
This author’s work combines this technical interest with an appetite for behavioral research as the 
project team members are introduced to a Maslovian approach to project management.  This 
approach combines Maslow’s needs hierarchy with prosocial behavior theory to encourage team 
members to motivate themselves and build self-confidence.  The experience and conclusions 
made from this work will hopefully have a positive impact on photovoltaic technologies, project 






This project would not be possible without the assistance of Dr. Jonathan Kimball, 
Electrical Engineering research advisor and Dr. Scott Grasman, Engineering Management 
academic advisor.  They have provided a unique opportunity to combine the study of project 
management with applications of electrical engineering.  A thanks also goes out to Dr. Steven 
Corns for serving on my thesis defense committee.  The Energy Savings Store, a small business 
based in Kansas City and St. Louis, Missouri was also a contributor to this project.   
This work was supported in part by the U.S. Army Research Laboratory under award 
W911NF-07-2-0062 to Leonard Wood Institute, sub-award LWI-191-049, and by the U.S. 
National Science Foundation under grant #0812121. The NASA-Missouri Space Consortium has 
also granted a fellowship for this project. 
I would like to thank Dr. Benjamin Dow and Dr. Ray Luechtefeld for their thoughtful 
insights into the world of project management and organizational theory.  Also, I would like to 




The views and conclusions contained in this document are those of the authors and 
should not be interpreted as representing the official policies, either expressed or implied, of the 
Leonard Wood Institute, the Army Research Laboratory or the U.S. Government. The U.S. 
Government is authorized to reproduce and distribute reprints for Government purposes 





TABLE OF CONTENTS 
Page 
PUBLICATION THESIS OPTION................................................................................................iii 
ABSTRACT.....................................................................................................................................iv 
ACKNOWLEDGMENTS…............................................................................................................v 
LIST OF ILLUSTRATIONS.........................................................................................................viii 
NOMENCLATURE........................................................................................................................ix
SECTION             ...............................................................................................................................               
1.  INTRODUCTION..................................................................................................................1 
1.1.  PROJECT TEAM........................................................................................................1 
1.2.  THESIS OVERVIEW..................................................................................................3 
1.3.  LITERATURE REVIEW............................................................................................3 
1.3.1.  Photovoltaics................................................................................................3 
1.3.2.  Project Management....................................................................................4 
PAPERS                       ......................................................................................................................          
I.  QUANTIFYING INSOLATION IN MULTIPLE SHADING SCENARIOS........................6 
ABSTRACT.................................................................................................................................6 
I.  INTRODUCTION...................................................................................................................6 
II.  THEORETICAL BACKGROUND.......................................................................................7 
III.  EXPERIMENTAL SETUP...................................................................................................9 
IV.  EXPERIMENTAL DATA..................................................................................................13 
V.  DATA PROCESSING AND RESULTS.............................................................................13 
VI.  CONCLUSIONS................................................................................................................15 
REFERENCES...........................................................................................................................18 









1.  INTRODUCTION................................................................................................................19 
2.  BACKGROUND..................................................................................................................20 
3.  LITERATURE REVIEW.....................................................................................................21 
4.  OBSERVATIONS AND DISCUSSION..............................................................................25 
5.  CONCLUSION.....................................................................................................................28 
REFERENCES...........................................................................................................................30 
SECTION                            ............................................................................................................. 








LIST OF ILLUSTRATIONS 
 
Figure               Page 




1  Sensor Array Dimensional Diagram...........................................................................................10 
 
2  Solar Sensor Board.....................................................................................................................12 
 
3  Example I-V Curve with a Load Line.........................................................................................12 
 
4  Burn Pit Data for 24 July 2010: Current-Voltage Characteristic, Power-Voltage 
 Characteristic, and Raw Sensor Data Graphs with Estimated Maximum Power......................16 
 
5  Burn Pit Data for 24 July 2010: A Six Sensor Span of the Array Shows Significant 
 Variance in Insolation and Power...................................................……….…..……....….…....17 
 
PAPER II 
1  Sensor Array Architecture and MPP Graph…………………………………………...……….21 











Symbol  Description 
n  Diode Quality Factor = 1.6 
k  Boltzmann’s Constant = 1.38x10-23 
T  Temperature in Kelvin 
q  Charge of an Electron = 1.60x10
-19
 
I0  Diode Dark Saturation Current 
IL  Current due to Photons or Sunlight 
ISC  Short Circuit Current 




















1.  INTRODUCTION 
The field of renewable energy is growing quickly due to the impact of fossil fuels on the 
environment and the current economy.  All areas of renewable energy are being pursued and solar 
technology is no exception.  Photovoltaic (PV) cells have increased their efficiency over the 
years, but little has been done with configuration technology to increase the overall output of 
solar arrays.  Shading and damage to cells in series-parallel topologies cause a lot of lost power; 
not just from the affected cell, but also from every cell in series with the affected cell.  The lost 
power that may be regained by improving configuration technology could rival that which has 
been gained by increasing the efficiency of the cells themselves.  Collecting insolation data from 
sensors placed as an array contributed valuable information that can be used to advance solar 
technology. 
To this end, a team of engineers was formed to improve PV configuration technology.  
Just as in any project, motivation was an important factor in getting the team to complete the 
tasks successfully and on schedule.  There are many different theories on how to motivate 
engineers during a project, however, this author decided to explore a more humanistic approach 
to project management using the theory of prosocial behavior to encourage team members to self-
motivate.  When workers can self motivate, the potential for micromanagement from the project 
manager or the dependency from the worker are easily prevented and a healthier project can be 
achieved. 
 
1.1.  PROJECT TEAM 
 The project team was comprised of seven electrical engineering students.  There were 
three graduate and four undergraduate students all researching photovoltaics for Dr. Jonathan W. 





this project in particular, the author was the project manager, while Dr. Kimball served as 
program manager.   
 The graduate students were Jordan Henry, Zachary Johnson, and Nisha Nagarajan.  
Henry’s and Johnson’s contributions to the project were to design and build a new type of 
switched capacitor converter that would enable the implementation of parallel configured solar 
arrays [1].  Nagarajan’s work on the project was to develop a graphical user interface (GUI) using 
the data that the author collected [2].  This GUI would generate predictive reports of energy 
outputs in various scenarios given inputs such as solar panel model, converter make and model, 
number of panels, solar sun eye photos, etc.  Nagarajan and the author collaborated to write a 
paper that has been submitted to the Journal of Renewable and Sustainable Energy and is 
presently under review [3].  This collaboration paper was also a part of Nagarajan's thesis [4]. 
 The undergraduate researchers on the team consisted of Jie Zhao, Jason Dickherber, 
Glenn Shanks Jr., and a fourth undergraduate researcher position that was filled by several 
students at different periods of time.  This rotating position, hereto referred to as the forth 
undergraduate, was first filled by Rudolph Schmitz, then by Karl Mainsah, and last by Ben Orr.  
There was also a high school senior named Flora Xiao, who programmed MATLAB
1
 to graph the 
downloaded sensor data.  Zhao programmed all the data acquisition systems (DAQs) and was 
responsible for making sure the DAQs were talking to the sensors out in the field.  Dickherber 
worked on the design of the sensor circuit board (It should be mentioned here that Chris Baker 
also worked on the design of the sensor circuit but graduated before the project really got started.)  
Shanks and the fourth undergraduate were the engineers who helped with whatever tasks arose at 
any given time.   
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1.2.  THESIS OVERVIEW 
 The remainder of this introduction section will be the literature review where the works 
of other researchers will be discussed.  Since the fields of photovoltaic and project management 
research do not typically overlap, they have been separated in the literature review to facilitate 
their discourse.  Subsequently, there is a paper that has been published for the 2011 IEEE Green 
Technologies Conference on pages 5-18 [5], then a second paper that is presently being submitted 
to the International Journal of Project Management on pages 19-27.  Following these papers, 
there is the thesis conclusion, bibliography, and vita respectively.    
 
1.3.  LITERATURE REVIEW 
 1.3.1.  Photovoltaics.  In the power industry today, renewable energy is an enterprising 
niche.  While each type of renewable technology has its advantages and disadvantages, solar 
arrays are the easiest for consumers to attain and install for everyday use.  Virtually anyone can 
buy solar panels at their local hardware store, so “Do It Yourselfers,” can install a solar array on 
their own home over a long weekend given the proper training [6].  This attainability compels us 
to put the development of photovoltaics at the forefront of renewable energy research.   
Photovoltaic research on isolation as it varies across an array has only been done in 
simulation in the past.  Modeling and simulation of PV arrays are quite common ways to estimate 
how cell characteristics will react to various illumination conditions [7][8][9].  The National 
Renewable Energy Lab is analyzing solar radiation data and its relation to weather patterns. One 
of their works is the National Solar Radiation Data Base, where one can find an extensive record 
of the typical meteorological data from years 1961 to 1990 [10][11].  Sandia National Laboratory 
has also published IEEE papers related to quantifying solar irradiance as it relates to monitoring 
the effectiveness and development of PV arrays out in the field for performance rating [12].  




wire resistance, wind speed and direction, inverter efficiency, maximum power point tracking 
efficiency, incompatibility of system components, etc. [13].  PV models based solely on datasheet 
values are the basis and title of a paper published by Teodorescu and Rodriguez [14].   
1.3.2.  Project Management.  The traditional approach to project management is that 
scope, time, and cost are the triad that a project is built upon, quality being based in the middle of 
the triangle [15].  Money was believed to be the prime motivator for employees, and while money 
is the easiest way to reward successful employees, there have been many studies to prove that 
money is not the prime motivator of individuals when they are working in groups [16].  
Behavioral theory says that project management is much more that a quality triangle, the workers 
need to feel important and satisfied.   Project managers need to be people managers, helping 
workers attain their needs, allowing motivation through goal setting [17].  Maslow's hierarchy 
pyramid, in Figure 1.1, illustrates this idea as the need levels describe the workers as they move 
up the pyramid.  
 
 






A worker must satisfy his physiological needs of food and water before he will seek 
safety.  Once his hunger and thirst is satisfied, he will seek a safe place to sleep, work, and live.  
After these levels are consistently met, he is motivated to find people to relate with; seeking a 
sense of belonging and trust, to fulfill his social needs.  At the next level, he seeks esteem and 
respect from his colleagues.  His colleagues motivate him and he reciprocates.  He will fluctuate 
for many years between these upper levels before he may reach self-actualization.  Here, he can 
work to his full potential and create, without self-doubt.  At this, the highest level, he sees the big 
picture and does not stumble over small details that caused so many problems in the past [18].   
Maslow's theories meld well with those of prosocial behavior.   Prosocial behavior refers 
to voluntary acts that are for the benefit of a group or an individual [19].  A prosocial worker 
improves her self-confidence, sense of purpose, and gains the esteem of others in a way 
malevolent acts could never achieve; therefore, prosocial behaviors are necessary to complete 
Maslow's pyramid.  As a worker makes her way up the pyramid, the project manager should get 
to know her background, her strengths, and her progress up the pyramid.  Knowing each member 
of the project team should be a priority of the project manager [20].  The project manager then 
can apply this knowledge toward motivating the team.  One step further would be to utilize 
prosocial behavior to encourage team members to motivate themselves [21].    Understanding the 
feelings and emotions of the team members, can also help project managers predict future 





I.  QUANTIFYING INSOLATION IN MULTIPLE SHADING SCENARIOS 
ABSTRACT 
This study seeks to quantify how much insolation varies over the span of a typical 
photovoltaic array.  A solar sensor array was constructed and deployed at three locations where 
environmental conditions vary from full sun to highly restricted sunlight.  Data was recorded at 
each location and then analyzed to find the effects of shading.  In traditional series-parallel 
photovoltaic systems the total power output of the system is highly dependent on the full 
insolation of every cell.  One cell with low insolation properties will drag down the current of an 
entire series string.  Analysis of the sensor array data has shown that insolation varies 
substantially, even on an unshaded site.  These findings should help, along with future research, 
to demonstrate the necessity of eliminating series strings from PV systems to increase energy 
production. 
 
I.  INTRODUCTION 
Solar power technology has been around for decades.  Some progress has been made with 
solar panels allowing them to be lighter and easier to use, but the technology still has numerous 
pitfalls.  One significant disadvantage of the present technology is that solar panels must be 
placed in a series-parallel configuration in order to produce a high enough voltage and a large 
enough power output to service any given customer.  With this series-parallel configuration, 
when one cell is shaded or damaged, the overall power output of the solar array will be 
disproportionately reduced.   
The sensor array in this project was designed to study the changes in solar insolation over 




from the sensor array, converter technologies may be designed to work with parallel solar panels 
to alleviate the shortcomings of traditional series-parallel topologies [1].  
 
II. THEORETICAL BACKGROUND 
In traditional series-parallel solar arrays, panels are placed in series strings to increase the 
voltage at the output, while strings are placed in parallel to increase the current available at the 
output.  Combined, this increases the overall output power of the system, allowing the array to tie 
to the power grid or to its own power island.  However, since many of these cells are in series, 
factors like dust, shading, and damaged cells cause a disproportionate reduction of power output 
because these factors cause a cell to produce less current or none at all.  Since current in a series 
string is constant, when one cell’s current decreases the entire series string current must decrease 
to match it, lowering or completely eliminating the string from contributing to the output of the 
series-parallel array [2].   
In order to study the effects of insolation, one must study the solar cell’s output in 
different conditions.  The typical way this is done is by finding open circuit (OC) voltage and 
short circuit (SC) current for a given cell during a range of solar radiation exposures. The current 
from a cell in ideal conditions can be calculated as 
 
         
  
       
 
When determining short circuit current, setting cell voltage to zero in the exponent of equation (1) 
gives 
 







This means that the SC current is directly proportional to the cell’s irradiance [3].  On the other 
hand, setting cell current to zero in equation (1) gives 
 
    
  
 
    
   
  
      
 
Equation (3) shows that the open circuit voltage is only logarithmically dependant on 
illumination.  Then equation (3) can be solved for   , resulting in 
 
   
   
  
    
     
 
 
Putting the results of equation (4) along with measured data for equations (2) and (3) 
back into equation (1), the I-V curve of a cell will have its two axis points.  To determine an I-V 
point on the curve somewhere near the maximum power point (MPP), a load test was developed; 
a load line was interpolated based on the mid-most point on the I-V curve. To determine the 
MPP, a continuously irradiated cell would have a resistive load increased from zero (a short 
circuit) to a very high value (an open circuit); the point on the curve that maximizes V x I is also 
the point at which the cell can deliver maximum power to the load at that level of irradiation [4].   
To study shading, a sensor array was designed that would simulate a PV array of the 
same approximate size.    The sensor array was set up in three different locations.  These locations 
were chosen because each had different shading profiles.   This sensor array provided data on the 
effect shading has on insolation across the span of the array, at varying temperatures, and at 
different amounts of sun exposure due to location.  This data could also be used to compare cells 






have been simulated on a computer [5][6], this type of study has never been done before using a 
sensor array, collecting data out in the sunlight just as one would a true PV array.  
 
III. EXPERIMENTAL SETUP 
The sensor array was designed to simulate a typical residential roof-mounted 3kW 
photovoltaic array.  The sensor array needed to be hinged with adjustable legs, so the array could 
be tilted to different angles similar to a traditional PV array. For this project the sensor array was 
only utilized at 0 and 26 degrees from horizontal; 26 degrees is the pitch of a typical household 
roof [7].  Estimates for the sensor array dimensions were based on research into the popular solar 
panels used today.  Since only the dimensions of the average 3-kW PV system were of interest, 
maximum power ratings at standard testing conditions were used while sizing the array.  The 
Kyocera KD135GX 125-W was the main panel model that was used as a reference while 
estimating panel and system sizing; it measures 1500mm long x 668mm wide x 46mm thick [8].   
The Sharp ND-123UJF 123-W panel measuring 662mm x 1499mm x 46mm and the Solar World 
SW175 175-W panel measuring 1610mm x 810mm x 34mm were also considered in determining 
the size of the array [9] [10].  These and other solar panel models were referenced because their 
names are recognizable in the solar power industry.  The popular choices for residential PV 
system installations were twenty 175-W PV panels or 24 125-W PV panels; 20 to 24 panels in a 
series-parallel configuration would make a footprint of 220 to 270 sq ft depending on panel 
models, manufactures and styles [11].  Since the average footprint was 245 sq ft, the decision was 
made to make the sensor array 10 ft x 17.5 ft; this would simulate a system with 24 125W PV 
panels.  The twenty-four sensors boxes were spaced 2.5 feet and 5 feet apart in order to simulate 
placing the boxes in the center of each solar panel.  The boxes used were plastic polycarbonate, 
weatherproof, and clear-covered, measuring 4 inches wide by 4 inches long by 2 inches deep.  




Figure 1 below (not to scale).  Steel Unistrut was selected as the building material because of its 
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Figure 1. Sensor Array Dimensional Diagram 
 
An anemometer was used to measure the effects of wind speed on solar sensitivity, since 
wind has an effect on panel temperature as temperature and humidity change.  The anemometer 
on the sensor array was an Inspeed Vortex wind sensor [12], mounted on the top right corner of 
the array away from where it might cause unintentional shading. 
Cat5e cabling with RJ-45 terminations was used for all communication of data 
throughout the array.  The Data Acquisition Systems (DAQs) were R-Engine-A programmable 
controllers manufactured by Tern, Inc. [13].  Each DAQ has twenty-four 12-bit and sixteen 16-bit 
analog to digital channels (ADCs), and each solar sensor box requires 4 ADCs.  So, 3 DAQs were 
needed for the 24 sensor boxes because each DAQ could only be interfaced with eight sensor 
boxes.  Early testing showed the 12-bit channels to have better performance than the 16-bit 
channels.  Therefore, the outputs of the three circuit tests (OC, SC, and load test) were fed to the 
more stable 12-bit channels, while the temperature data was fed to the 16-bit channels. A 




allowing data to interface with the DAQs. The DAQs triggered the circuit board to send sensor 
data every 2 seconds.  The data then was saved on compact flash cards in CSV format. A rough 




Each sensor box contained a circuit board that connects to a 9V battery, a solar sensor, 
and the cat5e cable used to communicate with the DAQs.  The solar sensors were 0.5 V 100 mA 
solar cells measuring approximately 1 inch (2.5 cm) square.  The sensor data included:  
temperature, short circuit test, load (or 1/R) test, and open circuit test.  The temperature sensor 
was an LM34 surface mount IC that measured the Fahrenheit temperature inside each 4 x 4 box.  
This temperature sensor was ± 3º F accurate or better at 10 mV per °F during testing.  This LM34 
was to give an idea of when the temperatures were rising and falling inside the sensor box, so 
temperature effects on the solar sensors could be followed.  The short circuit test indicates the 
amount of sunlight reaching the solar sensor, while the open circuit test relates mainly to the 
temperature of the cell itself and gives open circuit voltage.  The load test gives an indication of a 
measurable point near the cell’s maximum power point (MPP).  Figure 2 is a rough sketch of the 
3 test circuits the sensor board contains. 
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Figure 2. Solar Sensor Board 
 
These short circuit, load, and open circuit tests allow for the analysis and derivation of 
the complete I-V curve, including an estimate of the MPP, such as the one seen in Figure 3.  
 
 
Figure 3. Example I-V Curve with a Load Line 
 
This data was sent back to the DAQs and stored on compact flash cards that were 
downloaded periodically for analysis.  The analysis that leads up to the MPP curve will be 
discussed in sections IV and V.   
The array was deployed, with the DAQs recording data, for a week to 10 days in both the 
0 and 26 degree positions at each site.  A Solar Pathfinder was used to scout for sites that have 




IV. EXPERIMENTAL DATA 
The sensor array data collection started at the location called the Burn Pit, a location that 
was completely open to sunlight for all daylight hours.  The array was laid flat, set at 26 degrees 
from parallel to the ground facing south, and set at 26 degrees from parallel to the ground facing 
west for a week each.  Every 2 seconds, the temperature, open-circuit voltage, measured load, and 
short-circuit current for each sensor was measured and recorded as previously mentioned and 
transferred to sets of Excel files to be examined (Please see “IV. Data Processing and Results”). 
The sensor array was then moved to a very shaded area called Norwood, where it was 
laid flat, facing south, then set at 26 degrees from parallel to the ground for a week each.  Again, 
the temperature, open-circuit voltage, measured load, and short-circuit current for each sensor 
was measured and recorded every 2 seconds and transferred to sets of Excel files. 
Finally, the sensor array was moved to a grassy open area called The Puck, where 
buildings obstructed the array only in morning and evening.  Facing south, the array was laid flat, 
and then set at 26 degrees from parallel to the ground, for a week each.  The temperature, open-
circuit voltage, measured load, and short-circuit current for each sensor were measured and 
recorded every 2 seconds and transferred to sets of Excel files. 
Of the data recorded, a mostly-to-fully sunny day was selected from a set of data 
recorded with the sensor array at 26 degrees.  Sensors 6, 10, and 23 were selected for their 
positions on the array and analyzed in detail.  Also, sensors 4 through 12 were analyzed for a 
further demonstration of variation across the array. 
 
V. DATA PROCESSING AND RESULTS 
Using MATLAB
3
, the sensor data from a sunny day at the Burn Pit along with an 
estimate of peak power was plotted in one graph while the Current vs. Voltage and Power vs. 
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Voltage curves were plotted over time.  Resistance was ignored and the diode quality factor n was 
set to 1 in order to process the data. 
Figure 4 contains several views of the data from three sensors spread across the sensor 
array for one particular sunny day in July.  In all cases, the sensor data has been averaged over 
one minute.  The current is in milliamps and voltage is in millivolts.  The first row shows I-V 
curves over time and the second row shows P-V curves over time.  The characteristics were 
estimated from curve fits using the three test points described above (measured open, short, load 
data).  The third row shows the raw data, plus an estimate of the peak power at a given time on 
the same day.  Although, the short circuit current increases in the middle of the day, the 
temperature (T) variation causes a decrease in open circuit voltage, for an approximately flat 
power capability. The fourth row of Figure 4 is zoomed versions of the third row, showing only 
short circuit current (indicating insolation) and peak power capability.  In the first portion of this 
time window, sensor 6 has a longer slope than the other two sensors; this is probably due to an 
obstruction, such as a building, blocking the sun just after sunrise.  Then after a portion of time 
where all three sensors are uniformly insolated, random shading starts to occur, probably due to 
clouds.  Notice that the magnitude and shape of the insolation-time characteristic is different 
among the three sensors.  Shading on sensor 6 occurs much more frequently than on the other 
two, and there are some differences between sensors 10 and 23 visible around t = 900 min. 
On the last page, Figure 5 shows graphs of sensors 4 through 12 placed on the page in the 
same way the sensors laid on the actual array structure itself (see Figure 1).  The differences in  
    and estimated MPP are of particular interest.  This represents a six sensor span of the array 
measuring 7.5 ft by 10 ft.  Each graph shows the raw sensor data over time for each sensor.  Each 
sensor is only 2.5 ft apart horizontally and 5 ft apart vertically, yet there are quite remarkable 
differences in insolation in these relatively short spans of space.   It shows significant variance in 





This paper details an ongoing project to quantify insolation variation.  Although 
insolation is somewhat uniform during clear conditions, shading of the array varies both over 
time and with sensor location across the span of the array.  Data has been gathered at 3 sites over 
a 5 month time span; to date, over 2 GB of data has been gathered.  The data reported in this 
paper is representative of a clear, unshaded site, yet significant insolation variation is still 
observed.  Nagarajan’s research [1] incorporates the entire collection of data to simulate solar 
arrays in various series-parallel and parallel topologies in order to demonstrate the differences 
between topologies in various scenarios.  Future work will utilize the data from the sensor array 
at the 3 locations to analyze the covariance of each sensor’s short circuit current as it varies 
across time.  These works will potentially produce further indications on how parallel PV array 
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Figure 4.  Burn Pit Data for 24 July 2010:  Current-Voltage Characteristic, Power-Voltage 





Figure 5.  Burn Pit Data for 24 July 2010: A Six Sensor Span of the Array Shows Significant 
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II. PROJECT MANAGEMENT:  GUIDING WORKERS TO MOTIVATE THEMSELVES 
ABSTRACT   
Project managers are continuously looking for ways to motivate their workers.  However, 
no manager can motivate workers more than workers can motivate themselves.  Although some 
have postulated that self-interest is the strongest motivator, Maslow’s pyramid demonstrates that 
individuals also need the acceptance and esteem of others to reach self-actualization (the highest 
level of being).  To gain this respect, one must engage their intrinsic prosocial behaviors, working 
toward the well-being of the group in order to improve one's own status.  This paper discusses 
how prosocial behavior and task management can be used by project managers to inculcate team 
members to motivate themselves to become more effective and efficient workers.  The authors 
undertook a thirteen month solar sensor array project with a seven engineer team to study the 
validity of these motivational theories in practice. 
 
1. INTRODUCTION 
Project management is a complex combination of both managerial capabilities and 
leadership skills.  Project managers must be able to adjust to the many different situations and the 
varied personalities that they will encounter during their career.  They must be able to change as 
the situation and people necessitate (Fisher, 2010).  This paper describes a project for which the 
second author was the program manager and the first author was the project manager.  The 
project team was composed of seven electrical engineers, and the project lasted for over thirteen 
months in a university setting.  The project manager not only studied the ways one could motivate 
a project team, but also designed and deployed a fairly large sensor array, that had to be moved 
and maintenance at three locations around campus.  This paper analyzes the impact of a real 





2.  BACKGROUND 
This project began in August 2009, a month before the first author was brought on-board 
as project manager.  The Leonard Wood Institute had already approved a proposal written by the 
program manager.  The goals had already been established and some tasks had already been 
assigned to the engineers on the project by the program manager.  The engineers were comprised 
of three graduate and four undergraduate student electrical engineers. The project’s overall goal 
was to devise a way to make solar energy a more flexible technology.  The project manager’s job 
was to design a sensor array as well as manage the seven engineers, making sure the project met 
specifications and deadlines.  More specifically, along with the typical project management 
duties, the project manager focused on team motivation.  
The sensor array design aspect of the project entailed 24 sensor boxes arranged in a 
manner that would simulate a 3-kW solar array found on a typical house.  Each box contained a 
solar and temperature sensor supplying data back to data acquisition units that recorded the data 
from all the boxes continuously for about a week, to be downloaded later for analysis.  The solar 
data sent was open circuit (OC), load (1/R), and short circuit (SC) readings, which give an 
indication of the solar cell’s maximum power point (MPP).  An analysis of this data would be 
used to quantify the way clouds and other obstructions vary the sun’s intensity across the array 
(Yount et al., 2011).  This data could be used to advance solar technology.  Below, in Figure 1, 
includes a drawing of the sensor array (not to scale) and an example MPP graph.  Voc is open 
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Figure 1. Sensor Array Architecture and MPP Graph 
 
3.  LITERATURE REVIEW 
Many confuse prosocial behavior with altruism.  Altruism is behavior that benefits the 
recipient at a cost to the actor (Waal, 2008).  Prosocial behavior usually benefits both the actor 
and the recipient.  Prosociality may involve the exchange of goods, services, or information in the 
form of helping, sharing, or communicating (Warneken and Tomasello, 2009).  For example, 
teaching and leading others towards their goals can be considered prosocial behavior.   
Cooperation is an essential part of prosocial behavior (Waal and Suchak, 2010; Melis and 
Semman, 2010; and Jaeggi et al, 2010).  Most animals engage in this behavior in the interest of 
reciprocity, they help and share with others when they can see the beneficial outcomes for both 
themselves and the recipient (Waal and Suchak, 2010).  The propensity toward prosocial behavior 
is a natural phenomenon.  Jaeggi et al. (2010) have observed that humans have a strong sensitivity 
to the percieved presence and size of an audience.  Melis and Semmann (2010) concur, saying 
that societal norms caused a more refined order of prosociality; reward, punishment and 
reputation building have become a cornerstone for the stability of human societies.  In order to 
hold relationships, individuals must maintain not only reciprocity and cooperation, but also 
relatedness, benevolence, and willingness to contribute to the group with which we belong.  




  Over the past few decades, experiments involving primates and young children have 
proven prosocial behavior to be an inherent behavior.  Experiments conducted by Svetlovs et al 
(2011), explicitly show that children as young as 12 to 14 months old exhibit prosocial behavior, 
even though at this age they do not yet know how to anticipate another’s needs (they do not know 
how to read social cues).  The need for us to be prosocial is instinctive, not just out of empathy, 
but out of mutual benefit and cooperation for the better good, for ourselves and our society.  
Abraham Maslow (1943) established a prominent theory of motivation with his needs 
hierarchy.  According to Maslow’s theory, once the basic needs of food, shelter, and security are 
maintained; an individual strives for belonging.  A sense of acceptance in a group, such as a 
project team, is part of the belonging needed in the 3
rd
 level of this hierarchy.  Once team 
members feel accepted, they can move on to seek esteem, recognition, and respect from others in 
order to feel confidence in themselves.  Then finally, the team members can feel a sense of 
purpose as they contribute more creativity to the project.  The self-actualization level can only be 
achieved if team members are doing work in which they can reach their highest potential.  Figure 
2 demonstrates a little more of the model.  Extrapolation of this theory indicates that serving 
others is important for reaching each level of the pyramid since it creates an opportunity to 







Figure 2. Maslow’s Hierarchy of Needs Pyramid (UTAS, 2010) 
 
According to Claude Graeff (1983), performance is a product of motivation times ability.   
The task of placing people in a position where they will be the most successful is important to a 
team member’s self-motivation.  If a team member feels effective and vital to the project, he will 
feel compelled to do more for the project, for the company, and for the community.  This is part 
of prosocial motivation.  Once a worker feels like she is making a meaningful contribution, she 
will want to contribute more.  Self-interest has traditionally been seen as the primary motivator of 
individuals within a group.  Although self-interest is usually associated with selfishness, prosocial 
behavior and self-interest can be complementary (Grant, A. and Berg, J., 2010).  Prosocial 
behavior can be inspired by self-interest; one gets contentment from helping others, thus 
satisfying the base needs for security, affiliation, and recognition identified by Maslow.  There is 
much satisfaction to be found in serving others and in creating a greater good.  When workers are 
self-motivated, they are more likely to take initiative, accept negative feed-back, grow in 
creativity, and perform better, leading to greater productivity.   
Fisher’s research (2010) indicates that interpersonal skills are a prevalent factor in worker 
performance, both individually and as a group.  Understanding the behaviors of others, being able 




resolution are all qualities that project managers should posses to be the most effective at 
managing people.  Gillard and Price (2005) agree as they observed that successful project 
managers must be able to build comradery while understanding the individual differences among 
workers in diverse and constantly changing environments.  Leadership skills must be delicately 
balanced with social skills that will allow the project manager to work well with both 
subordinates and executives.  An effective project manager is a coach of sorts, nurturing 
individuals toward their full potential, finding each worker’s best skills, and encouraging 
performance growth.  When a project manager is present, they are there to encourage feedback, 
address performance issues, and motivate workers toward self-improvement and creativity.  The 
project manager can create team cohesiveness by facilitating group discussions which will 
naturally build trust, emphasize common interests, and promote free communication.  Peters and 
Austin (1985) call this approach management by walking around (MBWA).  By being present, 
she may engage their prosocial tendencies to foster cooperation and collaboration towards a 
common goal.  When a project manager positions herself in an office, away from the project, she 
discourages communication and becomes disassociated from project workers.   
Other performance issues rely on a project manager’s ability to manage scope, time, and 
budget constraints.  These are the three foundations on which a project manager forms their 
project structure (PMI, 2008).  If not monitored, scope creep can be a significant problem because 
time, budget, and personnel are finite resources.  Time is used most effectively if tasks are 
planned carefully in advance.  Based on the scope of a project, the project manager must divvy up 
tasks among team members, utilizing their skills and time to finish tasks efficiently and 
effectively.  When team members are strategically tasked where their particular talents lie, then 
their successful accomplishment of each task will motivate them to become creative and 




personnel should be a major priority of the project manager because it is key to the successful 
completion of a project.   
 
4.  OBSERVATIONS AND DISCUSSION 
For the project discussed here, the customer was the Leonard Wood Institute, a nonprofit 
organization affiliated with Fort Leonard Wood that receives funding from the Army Research 
Office.  The project had a thirteen month deadline.  They contracted the team to deliver a 
graphical user interface (GUI), data, and conclusive graphs by September 2010.  The general 
tasks, budget, and resource pool had already been established by the program manager; therefore, 
the project manager’s first job was to take the general tasks and assign them to team members.   
The tasks were vague in the original Gantt chart, so they needed to be refined into more 
specific tasks.  The project manager needed to know which team members would be able to 
perform the tasks best and the reasonable lengths of time in which they could be finished.  
Keeping in mind each individual’s particular strengths and specialties, interviews were conducted 
to assess the refinements needed on the Gantt chart.  The the original Gantt chart was then 
updated, assuring that deadlines could still be met.  This was an important first step to ensuring 
the specific tasks had been assigned to the team members that could best accomplish them.  Also, 
interviewing the team members forced them to think about their tasks and what process they 
would have to go through to accomplish them.  This in turn, caused them to make plans of how to 
complete the more complicated tasks and let them come up with more realistic time estimates. 
   As the project progressed, the project manager continually reassess the Gantt chart’s 
accuracy, updating it quarterly.  If a task had taken longer than anticipated, the another future task 
had to be completed faster than planned in order to keep the project on schedule.  For example, 




stay at each site was shortened.  The data acquired was still adequate to establish the necessary 
analysis, and the project was put back on schedule. 
The sensor circuit board design for this project had been completed on schedule; 
however, the testing proved to be a challenge.  The sensor board testing was completed by 
undergraduate researchers and sometimes needed the assistance of more senior researchers.  The 
testing procedure entailed calculating the Thevenin equivalent circuit of the solar cell used in 
each sensor box, building this equivalent circuit on a breadboard, then measuring the open circuit, 
load circuit, and short circuit portions of the sensor board using three different types of metering 
instruments to calculate percent errors and identify any design flaws.  A digital multimeter, 
oscilloscope, and data acquisition unit (DAQ) was chosen for the three types of metering 
instruments.   
The challenge came when the undergraduates tried to calculate the Thevenin circuit.  
They had a miscommunication with the program manager and calculated the Thevenin equivalent 
of the sensor board’s circuits instead of that of the solar cell.  This error invalidated the first set of 
data, so before further testing could take place, the managers had to clear up the confusion about 
the testing procedure.  Once the Thevenin circuit problem was corrected, the entire testing 
procedure had to be started over again.  The new results were still outside the 2% error 
parameters that were required, so the project manager became further involved in the testing 
process.  The project manager sat down and tested some boards with the team members.  Upon 
doing this, the high error was found in how the undergraduates were reading the oscilloscope.  
The settings on the oscilloscope were not at optimal, so a precise reading was impossible and 
therefore causing the large error percentages.   
The help provided to the inexperienced researchers is an example of how MBWA and 
keeping communications open helps a project team work more effectively.  However, to avoid 




simply show how a process is performed and then step back to allow the team member to do it 
themselves.  This approach instills both trust in management and increases the team member’s 
self-esteem and creativity.  This is an example of prosocial behavior in that the team members 
must be given tasks that they are capable of performing, even if they do not yet recognize their 
own capabilities.  When team members complete a task they did not know they could do, their 
success motivates them to try new things, be creative, and contribute more readily to the team.  
About halfway through the project, the program manager brought to the attention of the 
project manager a concern that the team members were not working enough hours.  The 
researchers were not fulfilling their agreed upon working hours per week.  Several vacation 
breaks were approaching, and if the team members took time off during these breaks, the project 
would fall behind.  So, a meeting was called to determine why tasks had been delayed and what 
could be done.  The project manager expected to hear complaints of poor communication and 
lack of understanding tasks, but this was not the case.  Some team members wanted more 
structure, more deadlines in the form of further breakdown of tasks on the Gantt chart.  People 
need deadlines so that they can cross tasks off a list and feel a sense of accomplishment.  Each 
task they accomplish gives them motivation to accomplish more and aim toward greater 
challenges in the future.  However, too many deadlines can be counterproductive; team members 
must learn how to set deadlines for themselves so they do not become dependent on the manager.  
Team members need to set some of their own goals, otherwise they may become stagnate.  
Learning to set goals will encourage team members to push the envelope and creating new ideas.  
 Fearing that the team would become too dependent and not wishing to micromanage the 
project, the project manager opted to be present in the lab more frequently and for longer periods 
of time.   This would allow the team members to ask the project manager questions when need 
be; if someone really needed to know what to do next, they could ask.  This relates to the project 




The project manager noted a clear difference in performance and attitude toward the 
project when present in the lab among the team members.  When management was not present, 
team members gave the project a low priority.  When the project manager started coming to the 
lab and staying there most of the day, the team members were eager to ask questions, order parts, 
and work on the project in general.  The availability of the project manager encouraged more 
open communication of technical problems and deadline concerns.  It also gave the project 
manager more opportunities to offer encouragement and guidance.  If a solution was needed, the 
project manager did not resolve it for them, but gave them suggestions or pointed them to a 
source where they could find the answer; watching to make sure they go down the right path 
towards a solution.  The presence of the project manager also build comradery and trust.  The 
development of open communication permitted encouragement and the discussion of concerns on 
a day-to-day basis; rather than delaying such communication until the weekly evaluation, which 
was the norm in this academic environment. 
 
5. CONCLUSION 
This project manager found that the importance of presence was paramount.  She had an 
office in another building, but if she had spent more time there instead of being present in the lab, 
where the work was actually being done, the project and the problems that arose would not have 
been managed as quickly.  Although one can manage a project from an office, the project suffers.  
The primary victim being communication, it is also quite difficult to motivate a team when you 
are not present among them.   
A good project manager who wishes to motivate his team must assign project tasks to the 
team members with the most appropriate skills and work with them to ensure efficient and 
effective project completion.  As discussed with Maslow’s pyramid, self-actualization can only be 




personnel to tasks where they do not succeed, is not only counter-productive for the project, but 
also frustrates the capabilities of the workers.  
The observations discussed in this paper support the contemporary wisdom that 
managing people and behaviors is the real foundation of successful project management.  Project 
managers must first know their team’s personalities and needs; only then can they get the most 
productivity out of their workers that will perpetuate and grow, because workers that motivate 
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3.  CONCLUSION 
 This thesis describes the plan and implementation of a solar sensor array project that 
spanned thirteen months and employed roughly seven engineers.  A solar sensor array was 
designed and deployed to three locations to collect data and later downloaded for further analysis. 
This analysis has quantified the differences of insolation from sensor to sensor at any given time.  
The varying insolation is due to clouds shadowing one portion of the array but not another and 
these differences can be observed between sensors that are positioned next to each other.  This 
lends itself to future work calculating the convergence of these quantifications.  This sensor array 
still exists and collects more data for future analysis.  These and other utilizations of the data 
collected should aid in the advancement of PV technology. 
During this project, the prominent observation made as a project manager was the 
importance of presence.  The prime objective was to motivate the team to reach all milestones on 
time while producing a quality end product (the sensor array and its data).  However, this proved 
difficult when the project manager's office was in another building.  Project management requires 
MBWA in order to grow people management skills.  Once tuned-in to the team members needs, 
realizing each engineer was at a different level of experience and skill, being present in the lab 
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